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Introduction 


The  range  of  applicability  of  the  one-diaensioral  theory  of  flex- 
ural vibrations  of  beams  was  extended  to  higher  frequencies  by  Timoshenko 
when  he  took  into  account  the  effect  of  transverse  shear  deformation.  He 
arrived  at  the  free-vibration  equations  (l)* 


governing  the  transverse  deflection* y * and  the  slope*  * of  the  deflec- 
tion curve  when  the  shear  is  neglected.  The  coefficient  4.  is  defined  as 
the  ratio  of  the  average  shear  stress  on  a section  1,0  the  product  of  the 
shear  modulus  and  the  angle  of  shear  at  the  neutral  axis.  This  ratio  de- 
pends upon  the  distribution  of  shear  stress  on  the  section  and,  hence,  4* 
depends  upon  the  shape  of  the  section,  as  Fimosnenko  observed.  However* 
the  distribution  of  shear  stress  on  a section  depends  also  on  the  mode  of 
motion  of  the  beam.  K or  example*  for  low  modes  of  motion  of  a slender 
beam*  the  shear  stress  has  a roaximura  at  the  neutral  axis,  while*  for  very 
high  modes,  th«  shear  stress  has  a minimum  at  the  same  place.  Thus*  4. 
depends  both  on  the  shape  cf  the  section  and  the  frequency  of  vibration. 


* 


Numbers  in  parenthesis  refer  to  Bibliography  at  the  end  of  the  paper, 


In  the  solution  of  Equations  [1],  the  simplest  interpretation  of 
£ is  that  it  is  a constant.  For  a beam  of  given  cross-sectional  shape, 
then,  i£  can  hare  the  correct  value  for  only  one  frequency.  In  the  past, 
several  calculations  of  £ have  been  made,  for  various  cross-sectional 
shapes,  on  the  basis  of  statical  considerations,  that  is,  at  zero  fre- 
quency. These  values  are  satisfactory  for  the  low  nodes  of  motion  of 
slender  beams,  where,  in  fact,  the  influence  of  transverse  shear  deforma- 
tion is  small  in  comparison  with  its  influence  at  high  frequencies. 

As  the  frequency  is  increased,  a point  is  reached  at  which  a dras- 
tic change  occurs  in  the  spectrum.  This  is  the  frequency,  of  the 
first  thickness-shear  mode  of  a beam  of  infinite  length,  i.e. , the  lowest 
frequency  at  which  tho  infinite  beam  can  vibrate  with  no  transverse  de- 
flection, the  displacement  being  entirely  parallel  to  the  axis  of  the 
beam. 

The  reason  for  the  change  in  character  of  the  frequency  spectrum 
is  that,  at  the  frequencies  of  the  first  thickness-shear  mode  and  its 
overtones,  there  is  strong  coupling  between  the  flexural  and  thickness- 
ahear  modes  of  motion.  Examples  of  this  phenomenon  have  been  described 
in  detail  in  previous  papers  (2,  l)  for  special  cases  of  crystal  plates 
for  which  the  equations  of  motion  are  the  same  as  those  for  a Timoshenko 
beam. 

It  is  desirable,  then,  that  the  thickness-shear  frequency  calculated 
from  Equations  [l]  should  be  the  same  as  that  calculated  from  the  equations 
to  which  [l]  are  an  approximation,  namely,  the  three-dimensional  equations 
of  small  vibrations  of  an  elastic  body.  In  this  connection  it  must  be  recog- 
nized that,  whereas  Timoshenko  interpreted  ^ as  the  slope  of  the  deflection 
curve  when  the  shear  deformation  is  neglected,  the  product  of  ^ and  the  depth 
of  the  beam  may  be  interpreted  as  the  maximum  axial  displacement  of  a transverse 


section.  Thus,  (*)'  is  calculated  from  [1]  by  setting  = O and  ^ 
proportional  to  tfpficv'i)  , following  which  u/  is  set  equal  to  the  cor- 
responding frequency  calculated  from  the  three-dimensional  equations 
Since  a/  depends  upon  A , the  result  is  a formula  for  A . 

It  has  been  shown  (4)  that,  for  a rectangular  section,  this  pro- 
cedure leads  to  A*  Vxjt2  & 0.822  . Comparison  .ith  experiments 

(2,  3)  shows  that,  when  A is  calculated  in  this  manner,  Timoshenko's 
equations  give  good  results  for  both  low  and  high  frequencies 

In  the  present  paper,  A is  calculated  in  the  same  manner  for  a 
variety  of  cross-sectional  shapes.  To  do  this,  it  is  necessary  to  solve 
the  three-dimensional  equations  of  elasticity  for  the  appropriate  fre- 
quency and  equate  it  with  the  value  of  o>'  obtained  from  Equations  [l]. 

In  the  case  of  motion  parallel  to  the  axis  of  the  bar,  the  three-dimen- 
sional equations  aid  boundary  conditions  reduce  to  equations  governing 
a familiar  hydrodynamical  problem  fo:“  which  many  solutions  are  Known. 

The  determination  of  A is  thus  reduced  to  an  interpretation  of  these 
solutions  and  some  additional  computations.  Results  are  given  for  the 
following  sections:  circle,  ellipse,  orthogonal  parabolas  and  a variety 

of  ovaloids.  The  values  of  A computed  for  these  sections  all  lie  within 
about  10JI  of  that  for  the  rectangular  section. 


Hotiop.1 ; _Tl»<MheakQ  Theory 

If  y is  set  equal  to  zero  in  Equations  [1],  the  second  of  the 
equations  gives  = 0 , so  that  the  first  of  [1]  reduces  to 
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where  C • ((jf/ft)  * the  velocity  of  shear  waves  in  an  infinite, 

isotropic,  alastio  medium,  and  f • (l/A)^  , i.e.,  the  radius  of  gyra- 
tion of  the  cross-section.  Hence,  the  frequency  of  pure  thickness-ahsar 
vibration  of  a Timoshenko  beam  is 

a/s  ci.^%/r  [3] 


This  is  the  frequency  which  is  to  be  equated  to  the  one  calculated  from 
the  solution  of  the  three-dimensional  equations  for  each  section. 


•<*“  ™T T S'  < 


f*  ijm 


Let  the  neutral  axis  of  the  beam  be  the  ft -axis  of  a rectangular 
coordinate  system  and  let  u . ( r and  *•>  be  components  of  displacement  in 
the  A , y and  e directions,  respectively.  Kor  pure  thickness-shear 


motion, 


14  = tr  * O 


Then  the  thre  -dimensional  equations  of  motion  (;>)  reduce  to 

ft  + r'i-o  -] 

where  ¥ - «a»/c  and  ■?  ^ /^J  . The  condition  that  the 

traction  vanish  on  the  cylindrical  surface  of  the  b?ara  reduces  to 

--  0 [6] 

on  the  boundary,  where  n in  the  normal  to  the  boundary. 

The  differential  equation  [5]  and  the  boundary  condition  [6]  are 
the  same  as  those  governing  the  small  oscillations  of  a fluid  in  a basin 


1 


of  uniform  depth  (6)  and  the  small  vibrations  of  a pas  in  a ripid  cylin- 
drical container  (7).  Solutions  are  available  for  a variety  of  boundaries. 

Rectangle 

In  the  case  of  a rectangular  section,  the  frequency  is  independent 
of  the  width.  If  the  depth  is  2a  , the  frequency  is  (6) 

cu  « Tc/ta  [7] 

Equaling  [7]  and  [i],  and  noting  that  rl=  *V3  , the  shear  constant,  £.  , 
is  found  to  be  TT^/ZZ  , or,  approximately,  0 Stt  • 

Circle 

For  a circular  section  of  radius  a , the  lowest  antisymetri c mode 
has  a frequency  (6) 

a>  = I B*H  c/a 

The  radius  of  gyration  of  a circle  about  a diameter  is  d/t  . Hence, 
equating  [8]  and  [l],  £ r 0 £V7 

Ellipse 

The  elliptic  section  was  treated  by  Jeffreys  (8),  who  computed 
frequencies  for  two  values  of  the  eccentitcity 

e,  (,- [■» 


where  <X  and  b are  the  semi -major  and  semi -minor  axes,  respectively. 


Additional  values  were  computed  and  are  listed  in  the  columns  headed  <oa/c 
and  ojb/c  in  Table  I,  The  corresponding  valut’B  of  u>  were  then  equated 
to  that  in  Equation  fl]  to  obtain  the  values  of  listed  in  Table  I. 

It  is  interesting  to  notice  that  the  frequency  ( f.38C  c/a  ) of 
the  first  antisymmetric  mode  of  a very  narrow  ellipse,  about  its  minor 
axis,  is  greater  than  that  ( / S7f  c/a  ) of  a rectangle  of  depth  equal  to 
the  major  diameter  of  the  ellipse.  «effreys  observed  that  this  is  due  to 
the  concentration  of  motion  near  the  center  of  the  ellipse.  On  the  other 
hand,  the  corresponding  frequency  for  a very  wide  ellipse  appears  to  ap- 
proach that  of  the  rectangle.  However,  the  corresponding  values  of 
are  not  the  same  because  of  the  difference  in  radii  of  gyration. 

amdr1** 

The  hydrodynamic  problem  for  a symnetrie  section  bounded  by  a pair 
of  orthogonal  parabolas  was  studied  by  Hidaka  (9).  ouch  a section  has 
the  property  a/b  = 2 , where  a and  b are  the  semi -major  and  semi -minor 
axes,  respectively.  Fox  motion  antisymaetric  with  respect  to  the  minor 
axis,  Hidaka  found  a secular  equation  which  can  be  reduced  to 

£/*  • 0 w 

where  S(t)  is  the  Dessel  function  of  the  .'’irst  kind.  The  lowest  root 
of  Equation  [10]  is  (10) 

fa/t  - 10585’  rn, 

so  that 

oo-  z.tn  c/a  [12] 
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Equating  [12]  and  [l]  and  noting  that  r1*  Q^/S  , the  result  la  0 99(> 
This  completes  the  calculations  for  sections  for  which  exact  solu- 
tions are  available.  The  results  are  assembled  in  Table  I and  the  sec- 
tion are  illustrated  in  Fig.  1. 


Ov*loldfl 


Approximate  frequencies,  pood  for  narrow  sections,  may  be  obtainea 
by  neglecting  the  variation  of  displacement  across  the  width.  Hidaka  (9) 
did  this  for  pections  Dounded  by  *he  curves 


< +(£)' 

a *■  (W 


m s Z 


- O,  /,  2, 


A set  of  these  curves,  for  the  case  a*  Zb  , is  shown  in  Fig.  2. 

Hidaka'a  results  for  the  lowest  mode,  ant isynne trie  about  the  hor- 
izontal axis  of  Fig.  2,  are  piven  in  Table  II,  along  with  the  correspond- 
•ip  values  of  4.  . In  finding  ^ , the  radius  of  ryration  (r  ),  defined  by 

J Z ^ * 

i [U] 

fj  * 


must  be  computed.  Inserting  y from  Equation  [13]  into  Equation  [14],  and 
making  the  substitution  t » a sin  6 r,  the  integrals,  wo  find 

r*  J COS  0 C /<9 

ax  l r/i 


r 

* i 


By  aid  of  the  formula  (11) 


r/* 


/w*a 

* r(M 


n > -/ 


and  the  raouraion  formula  for  the  Gamra.  function,  Equation  [15]  reduces  to 

rx ■ ax/($  * !m)  [16] 

The  .wsults  in  Table  II  are  the  sane  as  in  Table  I for  the  rectangle 
(jx  « co  ) for  any  b/a.  since  the  assumption  of  uniform  displacement  across 
the  width  is  exact  in  pure  thickness-shear  motion.  For  the  ellipse  ( /t  » / ) , 
Table  II  glees  the  same  value  as  Table  I only  for  */»«<?  U.e.,eW), 
since  here,  too,  there  is  no  variation  of  displacement  -'.cross  the  width. 

As  the  section  becomes  wider,  there  is  sene  discrepancy,  but  <t  is  not 
great.  Even  for  m % t>  (the  circle),  Table  I gives  A,  = 0.847,  while  the 
approximation  yields  0.889.  Th^  approximation  is  not  intended,  of  course, 
to  apply  to  k ya  . Another  comparison  may  be  made  for  the  parabola  with 
an  %b  . The  value  of  in  Table  I is  0.896,  while  the  approximation 
gives  0,924.  Thus  it  may  l*  expected  that  the  approximate  solution  of 
Equation  [5]  will  give  results  good  to  within  a few  percent  for  sections 
at  least  twice  as  deep  as  they  are  wide. 


tr 

! i 


«■» 


* 


i 


i 

i » i _ 
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Rectangle 

Ellipse 
e -•  1*0 

e = 0.9 
e = 0.8 
e = 0.7 
e = 0.6 
e = 0.1 

e = 0 (circle) 
Orthogonal  Parabolae 


Motion  antisymmetric 
about  minor  axis 


toa./c 


/c 


1.571 


1.886* 

1.878 

1.87  * 

1.858 

1.856 

1.845 

1.841 

2.117 


.822 


.889 

.882 

.87 

.863 

.861 

.851 

.847 

.896 


Motion  antisymmetric 
about  major  a: is 


a> 


i/c 


1.571 


•• 

1.78  * 

1.814 

1.823 

1.837 

1.842 


.822 


.79 

.323 

.831 

.844 

.847 


* Jeffreys  (8) 
Convergence  clow 


I 
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Fig.  1:  Elliptio  and  parabolic  sections  for  which 

thickness-shear  frequency  (at)  and  Timoshenko's  con- 
stant (-4.)  are  given  in  Table  I.  Dashed  line  is  para- 
bolio  section.  Thickness-shear  motion  is  antisyrmetric 
about  axis  A-A  ■ 


± ■ i ii  ■ tkn  Bi . 

r-^g^rr  ^ P "S1  W*  HP-1 


< 


DISTRIBUTION  LIST 


Technical  and  Final  Reports  Issued  Under 
Office  of  Naval  Rojsarch  Project  NR-064-388.  Contract  Nonr-266(09) 


i*ni  ImIwowu  i-w 


Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25*  D.C. 


Corananding  Officer 
Office  of  Naval  Research 
Branch  Office 


Attn:  Code  438 

(2) 

1000  Geary  Street 

San  Francisco  24*  Calif or 

Director,  Naval  Research  Lab. 

Washington  25*  D.C. 

Corananding  Officer 

Attn:  Tech.  Ir.fo.  Officer 

(9) 

Office  of  Navel  Research 

Technical  Library 

(1) 

Branch  Office 

Mechanics  Division 

(2 

1030  Green  Street 

Code  1814  (J.  P.  Walsh ) 

(1) 

Pasadena , California 

Corananding  Officer 
Office  of  Naval  Research 
Branch  Office 
150  Causeway  Street 
Boston  10,  Massachusetts 

Commanding  Officor 
Office  of  Naval  Research 
Branch  Office 
146  Broadway 
New  York  13,  New  York 

Corananding  Officer 
Office  of  Naval  Research 
Branch  Office 
844  N.  ’ush  Street 
Chicago  11,  Illinois 


Contract  Administrator,  SE  Area 
Office  of  Naval  Research 
c/o  George  Washington  University 
707  22nd  Street,  N.W. 

Washington  6,  D.C.  (l) 

Officer  in  Charge 
Office  of  Naval  F ) search 
Branch  Office,  London 
Navy  No.  100 

FPO,  New  York,  N.Y . (5) 

Library  of  Congress 
Washington  25*  D.C. 

Attn:  Navy  Research  Section  (2) 


GENERAL 

Research  and  Development  Board 
Department  of  Defense 
Pentagon  Building 
Washington  25 1 D.C. 

Attn:  Library  (Ccr'o  JD-1075)  (l) 

Armed  Forces  Special  Weapons  Project 
P.0.  Box  2610 
Washington,  D.C. 

Col.  G.  F Blunda  (l) 


Chief  of  Staff 
Department  of  the  krmy 
Research  and  Development  Division 
Washington  25*  D.C. 

Attn:  Chief  of  Res.  and  Dsv,  (1) 


ARM!  (cant. ) 

Office  of  the  0<*f  of  Engineers 
Assistant  Chief  for  Works 
Dspartoent  of  the  .vrmy 
Bldg.  7-7,  Gravelly  Point 
Washington  25,  D.C. 

Attn : Structural  Branch 

(R.  L.  Bloor)  (1) 

Office  of  the  Chief  of  Engineers 
Asst.  Chief  for  Military  Construction 
Department  of  the  Any 
Bldg.  T-7,  Crarolly  Point 
Washington  2?,  D.C. 

Attn : Structures  Branch 

(H.  F.  Carey)  (1) 

Office  of  the  Chief  of  Engineers 
Asst.  Chief  for  Military  Open. Lions 
Department  of  the  Any 
Bldg.  T-7,  Gravelly  Point 
Wellington  2 5 » D.C. 

Attn:  Structures  Development  Branch 

(W.  F.  Woo  Hard)  (1) 

Engineering  Research  A Development  Lab. 

Fort  Bolvoir,  Virginia 

Attn:  Structures  Branch  (1) 

The  Commanding  General 

Sandia  Base,  P.0.  Box  5100 

Albuquerque,  New  Mexico 

Attn:  Col.  Canterbury  (1) 

Operations  Research  Officer 
Department  of  the  Any 
Ft.  Lesley  J.  McNair 
Washington  25,  D.C. 

Attn • Howard  Brackney  ( 1 ) 

Qffict  of  Chief  of  Ordnance 

fte search  & Development  Service 
Department  of  the  Aray 
The  Pentagon 
Washington  25,  D.C. 

Attn:  ORDTB  (2) 

Cot  sending  Officer 
Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground 
Aberdoon,  Maryland 

Attn:  Dr.  C.  W.  Lampoon  (1) 


ARKT  (cant. ) 

Commanding  Officer 

Watertown  Arsenal 

Watertown,  Massachusetts 

Attn:  Laboratory  Division  (1) 

Commanding  Officer 

Frankford  Arsenal 

Philadelphia,  Pennsylvania 

Attn:  Laboratory  Division  (1) 

Commanding  Officer 
Squier  Signal  Laboratory 
Fort  Monmouth,  lev  Jersey 
Attn:  Compoeent*  and  Materials 

Branch  (1) 

HA  VI 

Chief  of  Bureau  of  Ships 
levy  Department 
Washington  25,  D.C. 

Attn:  Director  of  Research  (2) 

Director 

David  Taylor  Model  Basin 
Washington  7,  D.C. 

Attn:  Structural  Mechanics  Div.  (2) 


Director 

Naval  Engr.  Experiment  Station 
Annapolis,  Maryland  (1) 

Director 

Materials  Laboratory 

Dev  Tork  Naval  Shipyard 

Brooklyn  1,  New  York  (1) 

Chief  of  Bureau  of  Ordnance 
Navy  Department 
Washington  25,  D.C. 

Attn:  Ad-3,  Technical  Library  (1) 

Superintendent 
Naval  Gun  Factory 

Washington  25,  D.C.  (1) 

Naval  Ordnanoe  Laboratory 

White  Oak,  Maryland 

RFD  1,  Silver  Spring,  Maryland 

Attn:  Mechanics  Division  (2) 

Naval  Ordnanoe  Test  Station 

Inyokem,  California 

Attn:  Scientific  Officer  (1) 


11 


I 


NAV9  (cont.  ) 

Naval  Ordnance  Test  Station 
Underwater  Ordnance  Division 
Pasadena,  California 
Attn:  Structures  Dirieion  (1) 

Physics  Dirision  (1) 

Chief  of  Bureau  of  Aeronautics 
Nary  Department 
Washington  25,  D.C. 

Attn:  TD-41,  Technical  Library  (l) 

Naral  Air  Experimental  Station 
Naral  Air  Materiel  Center 
Naval  Base 

ftoiladelphia  12,  Penney lranla 
Attn:  Head,  Aeronautical  Materials 

Laboratory  (1) 

Chief  of  Bureau  of  Yards  4 Docks 
Nary  Department 
Washington  25,  D.C. 

Attn:  Code  P-314  (l) 

Officer  in  Charge 

Naval  Civil  Engr,  Research  and  E^el. 
Laboratory 


Naval  Station 

Port  Hueneme,  Califorrla 

(1) 

Superintendent,  U.S.  Naval  Post 

Graduate  School 

Annapolis,  Maryland 

(1) 

Commander 

U.S.  Naval  Proving  Grounds 
Dahlgren,  Virginia 

(1) 

AIR  FORCES 
Coimnding  General 
U.S.  Air  Forces 
The  fentagon 
Washington  25,  D.C. 

Attn:  Research  4 Development 

Division  (1) 

Commanding  General 
Air  Meterlel  Command 
Wright-Patterson  Air  Force  Base 
Dayton,  Ohio 

Attn:  VTREX-B  (E.  H.  Schwartz)  (1.) 


AIR  FORCES  (cont. ) 

Office  of  Air  Research 
Wright-Patterson  Air  Force  Bate 
Dayton,  Ohio 

Attn:  Chief,  Applied  Mechanics 

Group  (1) 

OTHER  GOVERNMENT  AGENCIES 
U.S.  Atce>iu  Energy  Camlsslon 
Division  of  Research 
Washington,  D.C.  (1) 

Argonae  National  Laboratory 
P.0.  Box  5207 

Qiicago  80,  Illinois  (1) 

Director 

National  Bureau  of  Standards 
Washington,  D.C. 

Attn:  Dr.  W.  H.  Ram berg  (1) 

U.S.  Coast  Guard 
1300  E Street,  N.W. 

Washington.  n.C. 

Attn:  Chief,  Testing  4 Development 

Division  (1) 

Forest  Products  laboratory 
Madison,  Wis'onain 

Attn:  L.  J.  Markwardt  (l) 

National  Advisory  Conaittee  for 
Aeronautics 
1724  F Street,  N.W. 

Washington,  D.C.  (1) 

National  Adv?sory  Coemittee  for 
Aeronautics 

Langley  Field , Virginia 

Attn:  Dr.  E.  Lundqulst  (3) 

National  Advisory  Conaittee  for 
Aeronautics 

Cleveland  Municipal  Airport 
Cleveland,  Chio 

Attn:  J.  H.  Collins,  Jr.  (l) 

U.S.  Sari time  Commission 
Technical  Bureau 
Washington,  D.C. 

Attn:  Mr.  V.  R^sso  (l) 
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Contractors  and  Other  Investigators 
Actively  Engaged  In  Related  Research 


Professor  J.  Ft.  Andersen 
Towne  School  of  Engineering 
University  of  Pennsylvania 
Philadelphia,  Pennsylvania  (1 ) 

Professor  Lynn  Deedle 
P’ritz  Engineering  Lal'orstory 
Lehigh  University 

Bethlehem,  Pennsylvania  (1) 

P’rofessoi  C.  o.  oieseno 
Technlsche  Hoogeachool 
Mewe  lean  ?6 

Delft,  nolland  (1) 

Professor  M.  A.  Di it 
1*1*3  Broadway 

New  York,  New  York  (1' 

PTofessor  h.  L.  Bispllnghoff 
Massachusetts  Institute  of  Technology 
Dopt.  of  Aeronautical  Engineering 
Cambridge  19,  dnssaohusetts  (1) 


Ur.  G.  F.  Carri  ir 

Graduate  Division  of  Applied  Mathematics 
Brown  University 

Providence,  Rhode  Island  (1) 

Mrn.  Hilda  L.  Cooper 
15H  Ravine  Avenue 

Yonkers,  New  York  (l) 

Dr.  Antoine  E.  I.  Crays 
Neyrpic 

Boite  i os  tale  52 

Grenoble,  Franc*'  (1) 

Professor  J.  P.  Den  Hartog 
Maaiiachusetts  Institute  of  Technology 

Cambridge  J9,  Massachusetts  (l) 

Dr.  Herbert  Deresiewicz 

Dept,  of  Civil  Engineering 

Colombia  University 

612  «sst  125th  Street 

New  York  27,  New  York  (1) 


Dr.  Hans  H.  hlelch 
Dept,  of  Civil  Engineering 
Columbia  University 

New  York  27,  New  York  (1 ) 

Profes  or  J.  A.  Bogdanoff 
Purlue  University 

Lafayette,  Indiana  (1) 

Professor  3.  •<.  holey 
Dept,  of  Civil  Engineering 
Columbia  University 

New  York  27,  t.°u  York  (1) 

P’rofeaaor  r.  W.  Bridgeman 
Dept,  of  Physics 
Harvard  University 

Cambridge,  Massachusetts  (1) 

Professor  D.  M.  ikirmlster 
Dept,  of  Civil  Engineering 
Columbia  University 

New  York  27,  New  York  (1; 

Dr.  V.  Cad  am  be 

Assistant  Director  of  the  National 
Physical  Laboratory  of  India 
New  Delhi  12,  India  (l) 


Dr.  0.  0.  Dohrenwend 

Rensselaer  Polytechnic  Institute 

Troy,  New  York  (1) 

P“rofessor  T.  J.  Uolnn 
Dept,  of  Theoretical  and  Applied 
Meuhani ce 

University  of  Illinois 

Urban*,  Illinois  U) 


Professor  Lloyd  Donnsll 
Dept,  of  Peclianics 
Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (1) 

F’rofessor  D.  C.  Druck* r 
Brown  University 

Providence,  Rhode  Island  U) 

Dr.  V*.  Eckert 

Wat  sod  Scientific  Computing  Laboratory 

612  West  116th  Street 

New  York  27.  Now  York  (1) 

Dr.  H.  Eksteln 
Amour  Research  Foundation 
Illinois  .Lnsti tube  of  Technology 
Chicago  16,  Illinois  (1) 
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Engaged  la  tela tod  Research  (cont. ) 


Engineering  Library 
Columbia  University 

New  York  27,  New  York  (ll 

Professor  E.  L.  Erikeen 

tT.i'r^rsit;  or  cM^tTi 

Ann  Arbor,  Michigan  (1) 

Professor  A.  C.  Eringen 
Illinois  Institute  of  Technology' 
Technology  Center 

Chicago  lfc,  Illinois  (1) 

Dr.  W.  L.  Esnwljer 
Technische  Hoogeschool 
Nlewe  Lean  76 

Delft,  Holland  (l) 

Professor  A.  M.  Preuderthal 
Dept,  of  Civil  Engineering 
Columbia  University 

New  York  27,  New  fork  (1) 

Profs  os  or  a*  FY*icd 

Washington  State  College 

Pullman,  Washington  (1 5 

Irofessor  K.  J.  Friedrichs 
New  York  University 
ficishingtiaj  Square 

NVw  Yoiv,  New  York  (l) 

Professor  M.  K.  Frocht 
Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illlnoi!i  ( ? ) 

Professor  J.  M.  G*rrelts 
Dept,  cf  Civil  Enf 1 nee ring 
Col’usbia  University 

New  York  27,  New  York  (1) 

Jean  J.  A.  Goff 
University  of  Penn «y Ivanna 

lv  4 1 i - 1 —v.  4 - r*.  — - ; - 

fniiautiA^iir.)  i tfiui  3 jr  j.  »!uiia  * .*»  I 

Mr.  fkirtlr.  Go.land 

Midwest  Fasaarch  Institute 

4049  fVrnsylvsnla  Avenue 

Kansas  City  2,  Missouri  (1) 

.a  . J.  N.  Goodier 
t^ot.  of  Mechar;5crl  rnr*,^">"rlc- 

Stanford  University 
Stanford,  California 


Dr.  L.  E.  GoocL-aan 

Dept,  of  Civil  Engineering 

University  of  Illinois 

Urbana,  Illinois  (1) 

Jr.  ri.  J.  nnnoen 

hfassachusetts  Institute  of  Technology 
Dept,  of  Civil  A Sanitary  Engineering 
Cambridge  19,  Nhssachusetts  (1) 

Professor  H.  M.  Hermes 

University  of  Santa  Clara 

Santa  Clara,  California  (1) 

Prcfassor  G.  Herrmann 

Dapt.  of  Civil  Engineering 

Columbia  University 

New  York  27,  New  York  (1) 

FrofeoBor  M.  Hetenyi 
Northwestern  University 
The  Technological  Institute 
Evanston.  Illinois  (1) 

T.  J.  Higgins 

Dept,  of  Electrical  Engineering 

University  of  Wisconsin 

Madison  6,  Wisconsin  (1 ) 

Dr.  N.  J.  hof f , head 
Dspt.  of  Aeronautical  Engineering 
& Applied  Mechanics 
Polytechnic  Institute  of  Brooklyn 
99  Livingston  Street 
Brooklyn  2,  New  York  (l) 

Irofessor  M.  S.  Hogan 
University  of  Utah 

Sc it  Lake  City,  Utah  (1) 

Professor  D.  L.  Holl 
leva  State  College 

Aaes,  Iowa  (l) 

Iir.  J.  H.  Hollon*on 

f-er.eral  F.lectric  N'seaich  labs. 

River  Road 

Schenectady,  New  York  \1) 

Dr.  W.  H.  rioppnann 

Dept,  of  Applied  Mechanics 

The  Johns  Hofklrs  University 

ch.T lniorc  , Ms ry lai ,d  (1) 


(1) 


Contractors  and  attbsj  Investigator;:  Actively  Engaged  In  Related  Research  (cont. ) 


Inatitut  de  Mathematiques 

University 

post,  fall  55 

Skoplje,  Yugoslavia  (1) 

Professor  L.  S.  Jacobsen 
Dept,  of  Mechanical  Engineering 
Stanford  University 

Stanford,  California  (l) 

Professor  Bruce  C.  Johnstor. 

■Jniv'Tclt.,  of  Michigan 

Ann  Arbor,  Michigan  (1) 

Professor  K.  Klotter 
Stanford  University 

Stanford,  California  (1) 

Professor  W.  J.  Krefeld 
Dept.  of  Civil  Engineering 
Columbia  University 

New  York  27,  Nev  York  (1) 


FTofessor  B.  J.  Lacan. 

Dept,  of  Materials  Engineering 

University  of  Minnesota 

Minneapolis,  Minnesota  (1) 

Dr . E . H . Lee 

Division  of  Applied  Mathematics 
Brown  University 


Providence,  Hhode  Island  (1) 

Professor  George  Lee 

Rensselaer  Polytechnic  Institute 

Trey,  New  York  (1) 

Professor  J.  M.  Leseells 
Massachusetts  Institute  of  Technology 
Cambridge  lb,  Massachusetts  (1) 

Library,  Engineering  i 'ndetloo 
29  West  39th  Street 

New  York,  New  York  (1) 

Professor  c l Lieber 

Dept,  of  Engl  leering 

Rensselaer  Polytechnic  Institute 

Troy,  New  York  (l) 

Dr.  Hcu  Lo 
Purdue  University 

lafayette,  Indiana  U) 
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Professor  C.  T.  G.  Looney 
Dept,  of  Civil  Engineering 
Yale  University 

Nev  Haven,  Connecticut  (1) 

Dr.  J.  L.  Lubkln 

Midwest  Research  Institute 

4049  Pennsylvania  Avenue 

Kansas  City  2,  Missouri  (1) 

Profesacr  J.  F.  Ludloff 

School  of  Aeronautics 

New  York  University 

Nev  York  51,  New  York  (1) 

Professor  J.  N.  Kerduff 
Rensselaer  Polyteclmic  Institute 
Troy,  New  York  (1) 

Professor  C.  W.  MacGregor 
Ur.1  varsity  of  Pennnylvanla 
Philadelphia,  Pennsylvania  (1) 

Professor  Lawrence  E.  Malvern 
Dept,  of  Mathematics 
Carnegie  Institute  of  Technology 
Pittsburgh  11,  Pennsylvania  (1) 

Dr.  J.  H.  March ant 
Drown  University 

Providence,  Rhode  Island  (1) 

Professor  J.  Marin 

Pennsylvania  State  College 

State  College,  Pennsylvania  (1) 

Lfcr.  W.  F.  Mason 

Dell  Telephone  Laboratories 

Kirray  Hill  , New  Jersey  (1) 


Professor  R.  D.  Mindlin 

Dept,  of  Civil  Engineering 

Columbia  University 

632  West  125th  Street 

Now  York  27,  New  York  (15) 

Ur.  A.  Nadai 

136  Cherry  Valley  Hoad 

Pittsburgh  21,  Pennsylvania  (1) 

F?  tfessor  PhuI  K.  Naghdl 

Dept,  of  Engineering  Mechanics 

University  of  Michigan 

Ann  Arbor,  Michigan  (1) 


Gflfltrastorg  and  W»r  JiffMtlntorg  Actively. Engaged  In  Belated  Research  (coot.. 


Profs asor  N.  M.  Nevmark 
Dept,  of  Civil  Engineering 
University  of  Illinois 
Urbane,  Illinois 

Professor  Jesse  Ormond royd 

University  of  Michigan 

Ann  Arbor,  Michigan  (1) 

Dr.  W.  Osgood 

Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (1) 

Dr.  George  B.  Psgram 

Committee  on  Government  Aided  Research 


313  Low  Memorial  Library 
Columbia  University 

Hew  York  27,  New  York  (1) 

Dr.  R.  P.  Petersen 

Director,  Applied  Physics  Division 

Sand la  Laboratory 

Albuquerque , New  Mexico  (1) 

Mr.  R.  E.  Peterson 

Westlnghouse  Research  laboratories 

East  Pittsburgh,  Pennsylvania  (1) 

Dr.  A.  Phillips 
School  of  Engineering 
Stanford  University 

Stanford,  California  (1) 

Professor  Gerald  Pickett 

Dept,  of  Mechanics 

University  of  Wisconsin 

Madison  6,  Wisconsin  (1) 

Dr.  H.  Porltzky 

General  Electric  Research  labs. 
Schenectady,  New  York  (1) 

Dr.  W.  Prager 

Graduate  Division  of  Applied  fethematics 
Brown  University 

Providence,  Rhode  Island  (1) 

RAND  Corporation 

1500  4th  Street 

Santa  Monica,  California 

Attn  i Dr.  D.  L,  Judd  (l) 


Dr.  S.  Raynor 

Armour  Fa  search  Foundation 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois  (i) 

Professor  E.  Pel saner 
Dept,  of  Mathematics 
Massachusetts  Institute  of  Technolory 
Cambridge  39,  Massachusetts  (1) 

Professor  H.  Re i sene r 

Polytechnic  Institute  of  Brooklyn 

99  Livingston  Street 

Brooklyn  2,  New  York  (1) 

Dr.  Kenneth  Robinson 
National  Bureau  of  Standards 
Washington,  D.C.  v'l) 

Professor  M.  A.  Sadovsky 
Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (1) 

Professor  M.  G.  Salvadorl 
Dipt,,  of  Civil  Engineering 
Columbia  University 

New  York  27,  New  York  (1) 

Dr.  F.  S.  Shaw 

Polytechnic  Institute  of  Brooklyn 

99  Livingston  Street 

Brooklyn  2,  New  York  (1) 

Dr.  Daniel  T.  Sigley 
Applied  Physics  laboratory 
The  Johns  Hopkins  University 
8621  Georgia  Avenue 

Silver  Spring,  Maryland  (1 ) 

Dr.  C.  B.  Smith 

Department  of  Mathematics 

Walker  Hall 

University  of  Florida 

Gainesville,  Florida  (1) 

Professor  C.  R.  Soderberg 
ffasaaehuaetis  Institute  of  Technology 
Cambridge  39,  Massachusetts  Tl) 

Professor  R.  V.  Southwell 
Imperial  College  of  Science  and 
Technology 
South  Kensington 

London  S.W.  England  (1) 
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(1) 


(1) 


Professor  E.  Sternberg 
Iillnoia  Institute  of  Tiehn«i 
Technology  Center  Techn°l°«Y 
O>ie««o  16,  Illinois 

F^ofessor  J.  j.  stoker 
New  fork  Univers' ty 
Washington  Square 

» >v  York,  New  York  ( 

Mr.  R.  A.  Sykes 
Bell  Telephone  Laboratories 
HinV  Hill,  New  Jersey 

Professor  p.  S.  spends 
Brown  Univers 1 ty 
Providence , Rhode  Island 

Professor  J.  L.  Syr^e 
Jihlin  Institute  for  Advanced  StuHi 

Dublin,  Ireland 

(1) 

K*  Telch«^ 

"•“  W &™*1  *““«*'* 

H<,leh[  Bronx 

New  York,  New  York  (1) 

t TlnosHanko 

School  of  Engineering 
Stanford  University 
Stanford,  California 

Dr«  A.  Trueadell 
Bloomington,  Indian  (I) 

De m * °~*  1 Van  PYke 

ssrsutr- 

W*aleyaa  University 
Middletown,  Connecticut 


(1) 


^r*  1*  Vlgness 

Naval  Research  Leh™.* 

Anacostia  Station 
Washington,  D.C. 

Dr.  Leonardo  Villens 
™ V1*  J.  Antonio  6 
Madrid,  Spain 


(1) 


(1) 


(1) 
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JfiQiai 

Professor  E.  Volterra 

'“•‘“-f  (i) 

Mr.  A.  M.  l*hi 

2!MBrth  laboratories 
Mst  Pittsburgh,  Pennsylvania  (i) 

frofeesor  C.  T.  Jang 
Dr.  R.  Wevel 

RPD  2 

Paaksklll,  New  York  (1) 

frofessor  E.  E.  tribal 
Unirarsity  0f  Colorado 
Bouldar,  Colorado 

£:*f!8f*nder  M»ln»t#ln 

Collage  Park,  Maryland  (1) 

Professor  Dana  Young 
D®Pt.  of  Mschnnical  Engineering 
University  of  Minneeotf  lBg 
Minneapolis  U,  Minnesota 


(1) 
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